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ADULT HUMAN DENTAL PULP STEM CELLS 
VITRO AND IN VTVO 

5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 



BACKGROUND 



ART 
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isolation of an odontogenic progenitor population from adult dental pulp tissue has 
never been performed. It is known that in certain conditions, cultures of pulp cells 
derived from early developing dental root tissue and pulp tissue can develop an 
odontoblast-like appearance with the capacity to form mineralized nodules in vitro (4) a - 

5 trait normally attributed to cultures of bone or bone marrow cells (5, 6). More is known 
about the characteristics of multipotent bone marrow stromal cells (BMSCs) and their 
potential to develop into osteoblasts, chondrocytes, adipocytes, myelosupportive 
fibrous-stroma, and perhaps even muscle and neural tissues (7-12). They are 
characterized by their high proliferative capacity ex vivo, while mamtaining their ability 

10 to differentiate into multiple stromal cell lineages. 

Because the prior art does not provide for regenerating dentin/pulp tissue or 
producing a human tooth for restorative purposes, there exists a great need to find a 
means for producing tissue that can differentiate into a functional tooth. In this study, a 

1 5 clonogenic, rapidly proliferative population of cells from adult human dental pulp was 
isolated. These dental pulp stem cells (DPSCs) were then compared to human bone 
marrow stromal cells (BMSCs), known precursors of osteoblasts. Although they share 
a similar immunophenotype in vitro, functional studies showed that DPSCs produced 
only sporadic, but densely calcified nodules, and did not form adipocytes, whereas 

20 BMSCs routinely calcified throughout the adherent cell layer with clusters of lipid- 
laden adipocytes. When DPSCs were transplanted into immunocompromised mice, 
they generated a dentin-like structure lined with human odontoblast-like cells that 
surrounded a pulp-like interstitial tissue. In contrast, BMSCs formed lamellar bone 
containing osteocytes and surface lining osteoblasts, surrounding a fibrous vascular 

25 tissue with active hematopoiesis and adipocytes. This study is the first to isolate post- 
natal human dental pulp stem cells that have the ability to form a dentin/pulp complex. 
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The present invention overcomes the previous limitations and shortcomings in 
the art by providing a human adult dental pulp stem cell (DPSC) that can differentiate 
mto dentin/pulp tissue and amethod for regenerating dentin/pulp and for producing a 
human tooth. 



SUMMARY OF THE INVENTION 

The present invention provides a culture of isolated adult human dental pulp 
10 stem cells. 



The present invention also provides a method of regenerating human 
dentin/pulp tissue, comprising a) contacting a cell from a culture of isolated adult 
human dental pulp stem cells with hydroxyapatite/tricalcium phosphate and b) 
1 5 transplanting the cell from step a) into a mammal. 



20 



25 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A-1E. Colony forming efficiency and cell proliferation in vitro 
Representative high(A) and low (B) density colonies afterl4day, The morphology is 
typxcal of fibroblast-lilce cells (C). The incidence of colony forming cells from dental- 
pulp txssue and bone marrow at various plating densities indicates that there are more 

Crrr ed a percentage **■ totd number ^ — * - 

-Divides (fcj. statistical significance (*} wa<? ri<*Wr™*«^ 

* ( } Was dete nmned using the student West (p;> 

0.05). ^ 
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Figures 2A-2L. Inamunophenotype of cultured DPSCs Stadia , 

Representative staining patterns are «w *• "^oidpsCs. 

~mmg panerns are shown for: lntegrin 01 (AY nvu m^ „ 
type I, (Q; coUagen ^ e m > _ ^ P1 ' (A) ' C 044 ' CB); collagen 

5 18mv„ * FGF-2, (E); osteonectin, (F); osteocalcin, (GV MUr 

18, (H), a-sxnooth muscle actin, (ft osteopontin, (J); VCAM-1 AO p „ 
allcalinephosphataseactivityisshowninCL) CAM 1, (K). Endogenous, 

Figures 3A-3D. Developmental potential in vitro Adherent , 
DPSCs (A & B), and BMSCs (C&™ . * ^ ° fcultured 

«ivu>Cs (D), but not m DPSCs (B). 

15 FigUrSS developmental potential in vivo Cross ^ 

representative of DPSC transplants (A C D) JJJ^ 

post-transplantation and JZd * *> 6 Weeks 

f , „ A * n d Stamed Wlth hematoxylin and eosin. In the DP<?r *. , 
the HA/TCP carrier surfaces (c) are , transplants, 

Pulp--i.ce fissue with blood 3 — « <* -ou^ . 

(D). In BMSC fransplants ton.,, „ 7 " 10 ^8 «**>»> 

(a) (B). A magnified view shews tta, «», f ««™uta„I adipoeytes 

polarized light, eoUaaen fibril, ^ SU,&CeS W M> 
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Ftgures 5A-5B. Jn situ hybridizauon for ^ 
Aiu pos^e cells m tb. e pulp _ ^ ^ ^ 

hke organ tad t0 show reactivity with the alu probe. 

Figures 6A-6C. Expression of the human specific IWh, o- , . 
10 (DSPP), osteocalcin rort h •, ^ Stalophosphoprotein 

i h osteocalcm (OC), bone sialoprotein (BSP) mSNA in DPSC transnlan* 

Transcript fcr DSPP, BSP, OC and GAPDH were detected by RT PcT , 

RNA iscated from 6 wee, o,d DSPC transput* (A) D PP pi ^ 

found in the pu.p tissue and odontoblast laL Carrot d *° 

by in situ hybridization (B). SpecificI fTe H * ^ C<1 > 

d — -—ted .-anboirrrr,::^ 

20 transplants (A) Newlvfom.eHH / * 8bUmg * BMSC 

i' iNewiy formed dentin was positive for dqpd . 

DPSC transplants (arrow B) No . „ ^ * 

-Posifivefor^^r^r"^^^ 

Figures 8A-8B. Dentin formation in DPSr f, , 
- -^ofdenh„ ( anow )i ne ig h,wee;™ m C :~ ™*™ ^ 

section of a normal tooth depictta, * „ ^ W ' TranSTC ™ 

deptctrng tnchmme sunning (arrow) of dauin fa ^ 
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DETAILED DESCRIPTION OF THE INVENTION 

As used herein, "a," "an" or "the" may mean one or more. For example, "a" 
cell may mean one or more cells. Moreover, 'the" cell may mean one or more than one 
5 cell. 

The present invention provides a culture of isolated adult human dental pulp 
stem cells. Adult human dental pulp stem cells can be isolated from any human 
permanent tooth. Alternatively, the dental pulp stem cells of the invention can be 

10 isolated from a human subject at least about 18 years of age. 'Isolated" as used herein 
means the cell of this invention is sufficiently free of contaminants or other cell types 
with which the cell of the present invention is naturally found. Moreover, the isolated 
cell of the present invention is present in such concentration as to be the only 
significant cell in the sample. "Isolated" does not require that the preparation be 

15 technically pure (homogeneous), but it is sufficiently pure to provide the cell in a form 
in which it can be used therapeutically or for research. 

A "stem" cell is a cell that is multipotential, clonogenic, highly proliferative and 
capable of regenerating tissue. Thus, a stem cell has the ability to either influence other 

20 cells in its microenvironment to differentiate into a specific cell line or can itself 

differentiate into another cell type that has a specific function. Thus, an adult human 
dental pulp stem cell of the present invention is a cell obtained from the pulp tissue of a 
tooth from an adult human being. The stem cell of the present invention can 
differentiate into a more mature and functional cell, for example an odontoblast. An 

25 odontoblast is a cell found in the oral cavity of a mammal that produces dentin, a tissue 
that comprises and envelops a fibrovascular pulp and is covered by an outer enamel 
layer of a fully-formed tooth. The dental pulp stem cell of the present invention can 
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produce a dentin/pulp tissue structure in vivo and in vitro. This structure is exemplified 
in Figure L 



The present invention provides a stem cell that is not adipogenic. Thus, the 
DPSC of the present invention does not differentiate into a fat cell. Moreover the 
stem cell of the present invention does not produce bone sialoprotein. Thus, the stem 
cell of the present invention is not a bone marrow stem cell, a cell which can 
differentiate into a fat cell and produces bone sialoprotein. However, the stem cell of 
the present invention does produce odontoblast-specific dentin sialoprotein and dentin 
phosphoprotein, each protein encoded by the odontoblast-specific gene known as 
dentin sialophosphoprotein (DSPP). 



The present invention provide, a method of regenerating human dentinAmlp 
Uasue, comprising a) contacting a cell fiom a culture of isolated adult human DPSCs 
wrth a mineral source and h) transplanting tire cefl fan step a) into a mammal The 
stem cell of the present method is mixed with a mineral source, for example 
hydroxyapauts/Mcalcium phosphate. This cell/mineral composition can men be 
tiansplanted into a mamma! by memoes known to a person of *n in the art Tbe stem 
oell/mmera. composition can be transplanted into an hnmunoenmpromised mammal 
for example a mouse, wherein tire tranapianted tissue can produce human denthVpulp 
tisane that can be harvested for transptantanon into a human being. The mamma, may 

lTT M n ^ M2ny — studies and xnow.,0 a 
P-» of s M m tire an, including a human. Furtirer, a human recipient of tire atom 
celWral composition can he an intermediate host tan whom the denthvpulp tissue 
25 -^Westedforr^eru^lantationmtoanomerhum'andentafpatiJ 
donor and only reciprent of the transplanted tissue. 



20 
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dentin/pulp nssae , ^ ^*> d * W, huntan 



Moreover, the transplanted stem r^n/«, • , 

— ■ ^oneetheanbepred ^ ^k^™ thehard 

cmwn where the cells can different!,, ■ . , """^ ° fa " 

*° afoncnnnaltooth *^~ <h ^ ^* ^ fa,*, 

— CahneOhererearenTZ JST.T'r-^— — 
accounted for. - — ^l^^^ 
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5 EXAMPLES 



Subjects and cell culture. 



(Worthing*,, Biochem , „ f 3^tal eollagenaae type I 

■5 GMBH, Gertnantf foroneW^C sinT^, ^^Mannnein,, 

Bone .narrow ^ p „ ^ JJ*"^ I— L NJ) . 

(20-35 yeais of age), werepurchaaed Z£TT I T " *" 
Marytand, and tt en wa*ed in ^ ! "^"'"S^ *"'—-». 

» -^--«p nI pandw2rzir^ (ooitoiit 

Cambridge, MA) with aloha « • mt ° 6 " We11 Phtoi (Costar, 

^^andXOOn^^™^^^"^ 100 
wore feed wrt- 4% fomaIfa , ^ ^ ^ ^H' " """" 

^ce Us were scored as coionie, Condyle ^ ^ A *~of 

mate deposition ft v,>„ were aa renort H ° °' bone 

reported pretty (6) . Theproljferation 
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M_ cu,^ (Bm passago) of DpsCs ^ fiMsCs 
bromodeoxyundine (BrdU) inccpo^ fer M Zvm ^T h 

5 Immunohistochemistry. 

antibodies usine a 7^ t. ^ corresponding control 

(anti-MyoD) 1 A4 tanti . *' /PD? 0*^-0)45), M318 

V u xviyoo;, iA4 (anti- a smooth muscle acting ?tn i 

LF67 (anti-COL D, LF32 (anti-OC) BON , / ! ^ ^ 7Wuh ' CA » 

dilutions of rabbit serum a/500) mn n « i , } ' Woila ng 

Histochemistry. 

<~ t ^ 2H Ai i2arinRe<i ^ . ^ deP0Si ' S ™ 
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Transplantation. 



Approximately 5.0 X10 6 of D p SCsandBMSC _ 
(Zimmer Inc f Warsaw, D*n and then »r , (aA/T CP) ceramrc powder 

^■^^^^o^dLzr;^^ 81 ^ 

performed in accordance m «, •« 01106(1 (9). These procedures were 

» -^^^SeeCCwlT'r^ 0 ' 1180 ^^ 

(5 m) we re deparaffinfaed and atained with H&E. 

RT-PCR. 

TX>. Rra t - staffiI cDNA (™L TEST Inc. Fnendawood, 

m)waadi,u t edi»a50p I Pc R reac a onofLp™ «-^«cDNA( 2 

iOpMoiofeacnnnll™ *^<**WtarI* 
NO.: ] ) 5 , CTATOOAGAWAC ^^^-e ts ..BSP(ae nS e (SBQID 

5 '- CATA <3CCATCGTAGCCTTGTCCrv> rw (S(antisense f (SEQ ID NO.:2) 
CATGAGAC5CCCTCACA V „ OCCaense, (SEQIDNO.:3)5'- 

AOAGCGACACCCTAP^ ' ' (SE< 3 1D NO,4)5-- 

-c A c T GAc^^rr (sEQiDN0 -^-- 

-CXGTCACTGTCACXG^: G ^ 5, - (SEQ --^ 
AGCCGCATCTTCTTTTGCGTC V ' <SBQ 10 N(X:7 > S '- 

TCATATTTGGCAGGTTITrS; T" ^ 10 ^ 

V4Cfor 2 minutes fori cycle then 
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94 a(45 5 «X 56«a(45 sec), 72 = a(60 sec) ftr 35 ^ 

. -5 H agarose g e, e.ec^is, ^ by ^ ^ ^ * 

5 In situ hybridization. 

A probe &r hufflan 

me DSPP pnmers under the same PGR conditions as describe ^ ^ 

DSPP probe using the mRNAlocator-Hyb Kit fCat#l son- a v- T WWttB 

Isolation of clonogenic populations of DPSCs 

fibroblast CFU-F) and Hi i • ^P*^ 0 * cell (colony forming unit- 

tissue^ 

(Fig. 1 A and B) ls demonstrated for the first time The cells whw fc 
were characterized by a typical fibrnhW ,v ^within each colony 

signifies Ugher ta Mmparison to fte ~ »«» «* *»« was 
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plated) (Fig. ID). In addition, the number of proliferating cells in DPSC cultures was 
also significantly higher (mean 72% BrdU positive cells db 3.48 SEM, n=3) when 
compared to BMSC cultures (46% BrdU positive cells ± 1.96 SEM, n=3) using the 
BrdU uptake method (West ps 0.05) (Fig. IE). 

5 

Characterization of the rmmunophenotype of DPSCs in vitro. 

Immunohistochemical studies were performed to characterize the progeny of the 
DPSC and BMSC clonogenic populations, using a large panel of antibodies specific to 
known antigens associated with different phenotypes. Typical immunoreactivity 

10 profiles for both cell populations are shown in Table 1. Primary cultures of DPSC and 
BMSC failed to react with the hematopoietic markers CD 14 (monocyte/ macrophage), 
CD45 (common leukocyte antigen), CD34 (hematopoietic stem/progenitor 
cells/endothelium) and other markers such as MyoD (smooth muscle), neurofilament 
(nerve), collagen type II (cartilage) and PPARy (fat). In general, DPSCs and BMSCs 

1 5 exhibited a similar expression pattern for a variety of markers associated with 

endotheUum"(VCAM-l and MUC-18), smooth muscle (a-smooth muscle actin), bone 
(alkaline phosphatase, type I collagen, osteonectin, osteopontin, osteocalcin) and 
fibroblasts (type m collagen, FGF-2). The bone matrix protein, bone sialoprotein, was 
absent in DPSC cultures, but present at low levels in BMSC cultures. Representative 

20 immunoreactivity patterns for DPSC are shown in (Fig. 2). Many of the markers were 
not uniformly expressed, but found in subsets of cells, indicating that the DSPC 
population is heterogeneous, as has been shown for the BMSC population. 

Differentiation potential of DPSCs in vitro. 
25 Long-term cultures (5 to 6 weeks) of DPSCs grown in the presence of L- 

ascorbate-2-phosphate, the glucocorticoid, dexamethasone, and inorganic phosphate 
demonstrated the capacity to form Alizirin Red positive condensed, nodules with high 
levels of calcium (Fig. 3 A). The deposits were sparsely scattered throughout the 
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adherent layer as single mineralized zones. In contrast, BMSC cultures produced 
extensive sheets of calcified deposits over the entire adherent layer following 3 to 4 
weeks of induction (Fig. 3C). After 6 weeks of stimulation with dexamethasone, mere 
was no evidence of adipogenesis in primary DPSC cultures (Fig. 3C) where as clusters 
5 of hpid-containing adipocytes were detected in primary cultures of BMSC as early as 
two weeks (Fig. 3D). 



Ex vivo expanded DPSCs can generate a dentin/pulp structure in vivo. Because 
complete developmental potential and formation of an appropriate histological structure 

10 often can not be fully realized in vitro, DPSCs were transplanted in conjunction with 
hydroxyapatite/tricalcium phosphate (HA/TCP) powder into immunocompromised 
mice. After 6 weeks post-transplantation, DPSCs generated a dentin-like structure 
lining the surfaces of the HA/TCP particles, comprised of a highly ordered collagenous 
matrix deposited perpendicular to the odontoblast-like layer when viewed by polarized 

1 5 . light (Fig. 4A, C, D). Immunological studies demonstrated that the matrix was 
predominantly composed of collagen type I. The odontoblast-like cells extended 
cytoplasmic processes into the dentinal matrix, which interfaced with a pulp-like 
interstitial tissue infiltrated with blood vessels. The pulp and odontoblast-like cells 
were found to be of donor origin based on their reactivity to the human alu specific ■ 

20 probe (Fig. 5A). Furthermore, the DPSC transplants expressed human specific 

transcripts for dentin matrix components, including bone sialoprotein, osteocalcin and 
dentin sialophosphoprotein (DSPP) by RT-PCR and in situ hybridization (Fig. 6). The 
corresponding BMSC transplants formed distinct lamellae of bone on the surface of the 
HA/TCP where the collagen fibers were aligned parallel to the osteoblasts on the bone 

25 forming surfaces (Fig. 4B, E, F). Osteocytes, entombed within the bone matrix, and 
osteoblasts were also found to be of donor origin (Fig. 5B). Newly formed bone 
surrounded an interstitial tissue that was infiltrated by a sinusoid network resembling a 
marrow-like organ, with extensive areas of active hematopoiesis and adipocyte 
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accumulation. Interestingly, the DPSC transplants failed to support any hematopoiesis 
or to initiate adipocyte formation even 4 months post transplantation. 

Immunohistochemical staining for human DSPP. 

5 Transplantation of DPSCs and BMSCs was performed as described above. The 

transplants were recovered 8 weeks post-transplantation and fixed for 24 hours with 4% 
freshly prepared paraformadehyde, and decalcified for 7 days with 10% EDTA (pH 
8.0). The transplants were then transferred to 70% ethanol and embedded into paraffin 
block. The DSPP antibody was from Dr. Larry Fisher (NTDCR/NIH). After 

10 deparaffinization, rehydration, and elimination of endogenous peroxidase, the sections 
were incubated with the DSPP primary antibody at room temperature for 1 hour. Then 
Histostain SP Kits were used for second antibodies and enzyme conjugate incubation 
according to the instruction (Zymed Laboratories Inc. South San Francisco, CA, USA). 
Human pulp and demineralized dentin tissues were used as positive controls. This 

1 5 procedure showed that newly formed dentin in DPSCs transplants is positive for dentin 
specific DSPP antibody (Fig. 7). This is additional evidence that human DPSCs 
differentiate into odontoblasts to regenerate human dentin in vivo. 

Trichrome staining of dentin formation in DPSC transplants. 

20 Transplantation of DPSCs and BMSCs was performed as described above. 

Eight week old human DPSC transplants were fixed for 24 hours with 4% freshly 
prepared paraformaldehyde, and transferred into 70% ethanol and plastic embedded. 
The Trichrome staining (GOMORI) kit (Sigma, #HT10516) was used for the staining 
according to the manufacturer's protocol. Normal tooth plastic-embedded sections 

25 were used as positive controls. This staining showed that DPSCs regenerate dentin 
comprising similar mineralized collagen structure as normal human dentin (Fig. 8). 
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The data presented here demonstrate for the first time that post-natal dental pulp 
contains cells that are clonogenic, highly proliferative and capable of regenerating a 
tissue, properties that effectively define them as stem cells. Although muscle, nervous 
tissue, and dentin-associated tissue do not remodel during post-natal life, they all 

5 contain stem cells that have the ability to differentiate in response to injury. The 
transplantation of human DPSCs into immunocompromised mice provides a new 
model by which to further characterize these stem cells. Furthermore, the amount of 
dentin and pulp-like tissue formed in these transplants far exceeds the amount that 
would be generated in situ during the lifetime of an organism. Consequently, the * 

1 0 present isolation of a large number of DPSCs from a single tooth allows for dentinal 
repair of a number of teeth. Further, through the use of carriers with appropriate shape 
and composition in conjunction with ex vivo expanded DPSCs, the fabrication of a 
viable dental implant is provided. 

1 5 Throughout this application, various publications are referenced. The 

disclosures of these publications in their entireties are hereby incorporated by reference 
into this application in order to more fully describe the state of the art to which this 
invention pertains. 

20 It will be apparent to those skilled in the art that various modifications and 

variations can be made in the present invention without departing from the scope or 
spirit of the invention. Other embodiments of the invention will be apparent to those 
skilled in the art from consideration of the specification and practice of the invention 
disclosed herein. It is intended that the specification and examples be considered as 

25 exemplary only, with a true scope and spirit of the invention being indicated by the 
following claims. 
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Table 1. Immunohistochemical analysis 



Marker DPSC-1 



CD14 


_ 


CD34 


_ 


CD44 


++ 


CD45 




Integrin pi 


44-/+ 


VCAM-1 


4 


MyoD 




a-SM actin 


44/- 


Neurofilam. 




MUC-18 


44/- 


Collagen-I 


4 


Collagen-H 




Collagen-m 


44/4 


Osteocalcin 


44/4 


Osteonectin 


44/4 


BSP 




Osteopontin 


+/- 


AlkPhos 


++/+/- 


PPARy 




FGF-2 


++/+ 



(++) Strong staining, (+) Weak staining, 
(-) Negative, (J) Subpopulation 



human DPSCs and BMSCs in vitro. 
DPSC-2 BMSC 



++ ++ 



1 1 / ■ 

++/+ 


++ 


+ 


++ 


++/- 


++/+/- 


++/+/- 


++/+/- 


-H- 


++/+ 


++/+ 


4+/+ 


++/+ 


+/- 


++ 


++/+ 




+/- 


+/- 


+/- 


4+/+/- 


++/+/- 


++ 


++/+ 
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What is claimed is: 

>• A eulture of isolated adult human dental pulp sU^n^. 

4. The eultur. of daim 1, wherein the atem ceil, are no, adipogenic. 

5- The culture of Calm '. ^dtecelladonot^dneehoneahd^^ 

6. A method of regenerating human dentm/pmp tissue, comprising- 

^contactingaoeu tiom the euHure of elata 1 with a minenti souree; 

b) transplanting the cell from step a) into a mammal. 

7. The method of elaim 6, wherein the mineral sou™ i. k a 

phosphate. maKralso,,rC!! > s l'y*oxyapatite/tricalcium 

8. A^rfproducu^hun^dentin^ulptissue.con.ptiamg- 

a) counting a eeh from me cuitine of o,aim 1 wim a ntineral some.; 

b) transptating me eeU from step a) into a mammal. 
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9 - ™ em ^°dofcIaim 8, wherein • 
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FIG.3C FIG. 3D 
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FIG.5B 
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FIG.7B 
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SEQUENCE LISTING 



<110> Songtao Shi 

Stan Gronthos 
Pamela Gehron Robey 

<120 > ADULT HUMAN DENTAL PULP STEM CELLS IN VITRO AND IN VIVO 
<130> 14014. 0379P1 

<150> 60/219,989 
<151> 2000-07-21 

<160> 8 

<170> FastSEQ for Windows Version 4.0 



<210> 1 
<211> 24 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence; 
synthetic construct 

<400> 1 

ctatggagag gacgccacgc ctgg 

<210> 2 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; 
synthetic construct 



<400> 2 

catagccatc gtagccttgt cct 

<210> 3 
<211> 16 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence; Note = 
synthetic construct 

<400> 3 

catgagagcc ctcaca 



<210> 4 
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2 

<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Note . 
synthetic construct 

<400> 4 

agagcgacac cctagac 

<210> 5 
<211>. 20 
<212> DNA 

,<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Note 
synthetic construct 

<400> 5 

ggcagtgact caaaaggagc 

<210> 6 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Note 
synthetic construct 

<400> 6 

tgctgtcact gtcactgctg 

<210> 7 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Note 
synthetic construct 

<400> 7 

agccgcatct tcttttgcgt c 

<210> 8 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Note 
synthetic construct 
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<400> 8 21 
tcatatttgg caggtfctttc t 
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